Steel reinforcement remains passive until a certain amount of chlorides entry in contact with them. The corrosion develops in local areas and extends around depending on the level of chloride concentration. The further evolution of the corrosion depends on the total amount of chlorides although there is a maximum in the expected values of the corrosion rate.
INTRODUCTION
Chloride ions are the most detrimental substance regarding the steel of reinforcement. These are ions induce a local corrosion which will progress depending on local composition of pore solution, moisture content of concrete and temperature. Although, numerous papers have studied the consequences of chloride presence in concrete, the quantification of the corrosion degree have been much less illustrated [1] [2] [3] [4] .
Chloride induced corrosion is a complex process that in concrete results even less accessible due the steel cannot be visually observed. In general, corrosion is due the penetration of chlorides through the pore system because is now prohibited the addition of chlorides during concrete mixing. After the diffusion process through concrete cover, steel depassivation occurs when a certain amount of chlorides reach the metal surface. This amount or threshold has been the object of numerous studies [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . In spite of this extensive research no agreement among the values obtained was found.
Regarding the form of expressing the chloride threshold, the Cl -/OH -ratio seems to be the most accurate parameter to take into account the corrosion onset in reinforced concrete [10] . Hausmann [5] and Gouda [6] were the first identifying a mean value of Cl -/OH -ratio around 0.6 in solutions simulating the concrete pore solution. However, due to the difficulty in measuring OH -concentration in concrete, the free and total chloride contents by weight of cement or concrete are other parameters that have been widely used to indicate the corrosion risk.Data of several authors taken from field and laboratory studies in mortars and concrete indicate that total chloride thresholds may vary by more than one order of magnitude (0.15% to 2.5% by weight of cement) as pointed out by Glass and Buenfeld [16] who made a review of data from several authors.
After depassivation, the corrosion will evolve depending on also several variables related to the concrete and to the external conditions. In present paper attention will be paid to the effect of temperatures and its influence in the corrosion rate, I corr,, which is not following the rule to increase as the temperatures increases. This is due to the simultaneous change in the pore solution composition and in its oxygen content.
In present paper, chloride thresholds are identified by means of the measurement of the corrosion rate through the Polarization Resistance technique and the corrosion rate, I corr, is also quantified by means of this technique. Depassivation is considered when in a surface of steel of 1cm 2 the corrosion intensity is higher than 0.1 μA/cm 2 . This threshold has been selected on the basis of previous work [1, 2, 10] . In [17] It was found that at the bottom of the pit, the pit penetration rate may be up to 10 times higher, (1 µA/cm 2 ). Smaller values of pit growing rate may result into repassivation.
EXPERIMENTAL
Experiments were made in solution simulating the pore solution and in mortar. The mortar specimens were used for the study of the chloride threshold and the solutions for that on the effect of temperature and chloride concentration in the corrosion rate.
The mortar specimens were cast having dimensions of 8 x 5.5 x 2 cm (left part in figure 1 ) and of 2 x2 8cm (middle part of the figure). They were employed for the study of the chloride threshold. For the tests in solution, polyethylene flasks were used (right in figure 1 ) in order to avoid alkali attack to glass containers. These corrosion cells have 2 or 3 working electrodes made from reinforcement steel. Being the solutions alkaline, a layer of mineral oil is placed on the top of the solution to avid carbonation during the test. The steel bars were in all cases of 8cm in length. The exposed area of the rebar was 3.2 cm 2 for smoothed bars (only in mortar for the threshold studies) and 5.6 cm 2 for ribbed bars (threshold and corrosion rate studies). The smoothed bars were prepared by machining a normal ribbed bar of 6mm apparent diameter, until the ribs disappear. The exposed area was delimited by means of an insulating tape. The mortar specimens were held in a chamber at 100% RH all the test duration. Chloride ions were added in the mixing water of the mortar specimens as NaCl and CaCl 2 . The amount of chloride introduced in each specimen ranged from 0.79 to 5.14 of NaCl % or CaCl 2 by weight of cement.
Electrochemical measurements
For the measurements of Polarization Resistance, I corr was calculated through the Stern and Geary equation (I corr = B/R p ), where B is a constant. The value given to B in this work was the same employed in [33], obtained after previous calibration with gravimetric loss. Each I corr value was calculated as average of the value of the two or three identical bars. The depassivation is identified when the I corr is above a level between 0.1 to 0.2 µA/cm 2 . A mean value, I mean was obtained by integrating the I corr -time curve and dividing it by the number of days as was carried out in [10] .
For the study of the influence of the electrical potential seta of 10 specimens for condition were fabricated. They were immersed in the same 0.5 M in NaCl solution. Potentiostatic tests were performed. The potentials applied through a stainless steel counter electrode were: +250, +150, +50, -50, -150, -200, -20, -350, -450, -550 and -650 mV with respect to SCE. The current was monitored during the experiment. When a significant increase in current was noticed, the specimen is removed from the solution for chloride analysis near the bar and visual inspection.
At the end of the experiments, the bars were removed from the solutions and the specimens were broken to observe the rebar. Then, the presence of rust spots on the steel surface was visually observed.
Chloride analysis
In the mortars the total chloride content was analyzed by X-Ray Fluorescence (XRF) and the free chloride and OH -content by a liquid extraction technique [34] . The solutions used for present experimentation are given in 
RESULTS

Mortar specimens for threshold study
As an example, figure 2 depicts the I corr values during the time of immersion for the corrugated bars. The corrosion level depends clearly on the chloride amount. The 0.48% admixed was active at the beginning of the test only. From this figure it can be deduced that the threshold of chlorides is around 0.48% by weight of cement although more data are needed to establish a statistical value. Another deduction is that the I corr values of the corrugated reinforcements resulted higher than those of the smooth ones as expected. 0.48% (NaCl) 1.19% (NaCl) 2.12% (NaCl) 3.12% (NaCl) Figure 2 Evolution of I corr with time. Chloride content is given as total chloride.
Influence of the corrosion potential
With respect to the influence of the Corrosion Potential in the threshold, figure 3 summarizes the trend found [18] . In the figure two trends can be identified: above around -200 mV SCE the threshold is independent of the potential applied, while below that potential, there is a linear decremented relation between chloride threshold and electrical potential. 
Influence of temperature and chloride concentration in the corrosion rate
The influence of the temperature on the oxygen content is presented in figure 4 . It can be well detected the decrease in oxygen when temperature increases. In the case of the more concentrated (5M and saturated) solution in chlorides the oxygen disappears. On the other hand, the evolution of I corr of all the bars, is given in figure 5 where it is possible to deduce that only the bars immersed in the solution saturated in Ca(OH) 2 remain passive at the three temperatures tested wile the most concentrated in chlorides solutions induce corrosion although not showing the highest values. That is, the solutions containing chlorides induce steel corrosion but being the most aggressive that of pure sea water and those having around 0.5M in chlorides.
Depending on solution and temperature the range of I corr values registered presents a span of one order of magnitude indicating that the corrosion is not presenting dramatic different magnitudes. 
Chloride threshold definition
As it was already mentioned, the definition of chloride threshold needs some consideration. Depassivation from a practical point of view should mean the developing of an active corrosion that remains with time. This situation cannot only be detected by visual observation because the appearance of colored oxides may take some time to appear or, on the opposite, its appearance may not mean a steady active corrosion. With respect to the indication that the corrosion potential, E corr , may give it, may be also misleading, either because the shift may not be detected or because it may not mean a significant activity. In present paper, as made in a previous one [10] , an averaged corrosion rate value, I corr,mean above 0.2 μA/cm 2 during a certain period of time, was the criteria to consider the steel actively corroding.
For the sake of identifying the values of chloride that induce this active corrosion, plots of total and water soluble chloride versus I corr,mean were made. Linear relations between the log of I corr,mean and chloride concentrations were found with regression factors above 0.80. As example, figure 6 shows that plot for Cl/OH ratios in which values of reference [10] are also included. It is remarkable that the correlation obtained with all the data (solution and mortar) is quite good, even a bit better (r=0.90) than only for mortars (r=0.87). Cl/OH threshold: 0.66-1.45 Figure 6 Values of Icorr,mean vs Cl/OH ratio. Data from ref. [10] and OPC mortar specimens
Influence of the corrosion potential
From the results obtained ( figure 3 ) it can be deduced that it is the electrical potential which most controls the chloride threshold and that all influencing parameters are so because they change the corrosion potential. Thus, the presence of voids near the bar, the w/c ratio, the moisture content or the oxygen content, all are parameter which will induce different potentials and in consequence through it they are influencing the threshold. On the other hand the trend found is logical having in mind the effect of cathodic protection [19] : when the potential is made more negative there the need of increasing amounts of chlorides for getting active corrosion. Below -650 mV depassivation in concrete is difficult.
Corrosion progress in function of temperature and chloride concentration
The increase in temperature induces some changes in the solution that aim into opposite trends regarding corrosion. It cannot simply be assumed that an increase in temperature is going to accelerate the corrosion. Thus, the portlandite and the sulphates have negative slopes and they precipitate when temperature rise. These facts influence conductivity and ionic strength [10] . However the conductivity increases with temperature and the final value will depend of the particular rise.
On the other hand, the increase in temperature affects the gas solubility and oxygen evolves out of the solution, being undetectable its presence in saturated NaCl solutions. Another effect of an increase in temperature is reflected in the moisture content of concrete (results not presented in this paper) [20] . because the concrete dries when temperature increases and therefore the resistivity will increase which opposes to the decrease due to the changes in the chemical composition of the pore solution. The trend of corrosion rate with respect to the inverse of absolute temperature of some of the solutions tested is plotted in figure 7 and the corresponding values of the activation energy calculated from Arrhenius expression are presented in Table 2 . Values of the activation energy reported in the literature are between 10 and 60 KJ/mol. The solutions having other values indicate that the temperature is not the controlling parameter of the process, which seems to be the case of some of the solutions in present research. 
CONCLUSIONS
Based in the definition of chloride threshold as the value that induces permanent active corrosion (mean corrosion currents higher than 0.1μA/cm 2 ), from the present study the following conclusions can be deduced: in precipitation of portlandite and sulphates and, on the other hand, decreases the amount of oxygen) affect resistivity and availability of cathodic reactant. Regarding the activation energy obtained from Arrhenius expression, it indicates that the temperature is not always the controlling parameter of the corrosion process and, therefore, it cannot be used to predict corrosion rate evolution in concrete.
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